Background and Aims
Hepatobiliary cancers, including hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (CCA), together comprise the fifth most common cancer and third leading cause of cancer death globally [1] . The majority of patients present with advanced, unresectable disease, with median survival less than a year [2] [3] [4] . Immune dysregulation may contribute to hepatobiliary carcinogenesis, though mechanisms are not well understood [5] [6] [7] .
Immunotherapy approaches in oncology may be most efficacious in cancers susceptible to intrinsic immune modulation [8, 9] . Recently, increasing understanding of tumor immunogenicity spurred the development of novel classes of immunetargeted therapies, including inhibition of co-stimulatory pathways mediated by cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) and the programmed death-1 (PD-1) receptor and its ligand (PD-L1). In a phase II trial in hepatitis C virus (HCV)-associated advanced HCC patients, tremelimumab-mediated CTLA-4 inhibition demonstrated a promising antitumor activity, accompanied by intriguing antiviral responses [10] . Table 1 displays selected ongoing HCC immunotherapy clinical trials.
We present three cases of spontaneous regression of advanced hepatobiliary cancers in patients with HCV cirrhosis, one in a patient with mixed HCC and CCA tumor histology and two in patients with HCC. Our aims are to highlight the potential activity of native antitumor immune mechanisms against these malignancies and explore the implications for emerging immunotherapies in this grim family of cancers refractory to conventional therapies.
Methods
This retrospective case series was approved as an exempted category of research by the University of California, San Francisco Institutional Review Board. Cases were identified by the treating investigator (RKK). Pathology slides were reviewed by KE.
Case 1
A 69-year-old man with HCC metastatic to lymph nodes presented to our hospital for medical oncology consultation after progression on first-line sorafenib therapy. HCV genotype 1a had been diagnosed 20 years earlier and treated with interferon and ribavirin without response. Two years prior to presentation, screening labs revealed new alpha-fetoprotein (AFP) elevation to 677 μg/L; this prompted an abdominal computed tomography (CT) scan, which showed a 2.5-cm hypervascular lesion with nonenhancing central hypodensity in segment 8 of the liver, radiographically consistent with HCC. Around the same time as his HCC diagnosis, he developed white patches on his skin that were diagnosed as adult-onset vitiligo. A wedge resection of the liver tumor with radiofrequency ablation of an adjacent lesion was performed, and pathology confirmed a 2.7-cm well-differentiated HCC with negative margins. Postoperative AFP levels declined to 26 μg/L. Several months later, AFP levels rose to 141 μg/L, and a CT scan showed two new 1.1-and 1.3-cm hyperenhancing lesions, which were not amenable to resection or ablation and instead were treated with transarterial chemoembolization (TACE). A post-TACE CT scan showed new, multifocal enhancing lesions not amenable to further liver-directed therapy, accompanied by an AFP rise to 1760 μg/L. The patient initiated sorafenib 400 mg two times daily for multifocal HCC, which he tolerated without complication. Four months later, CT imaging showed multifocal radiographic progression, including an increase in size of the enhancing porta hepatis mass to 5.2 cm and increasing size and enhancement of a dome lesion measuring 2.2 cm, coupled with an AFP rise to 4077 μg/L (Fig. 1) .
Sorafenib was discontinued due to radiographic and AFP progression.
Six months after discontinuing sorafenib, he presented for medical oncology evaluation to reevaluate treatment options. Unexpectedly, a repeat CT scan showed complete resolution of all previous lesions, except for one residual 7-mm enhancing liver dome lesion, and AFP had declined to 37 μg/L (Fig. 1 ). During this interval since cessation of sorafenib, the patient had received no treatment for HCC and took no supplements or medications with known antitumor effects. Due to the finding of spontaneous tumor regression radiographically and by AFP, systemic treatment was deferred, and a program of close surveillance was initiated. Two years later, surveillance imaging revealed multifocal hepatic enhancing lesions consistent with recurrent HCC, with a corresponding rise in AFP to 123 μg/L. The patient is now receiving treatment on a clinical trial of a novel multikinase inhibitor for advanced HCC after the failure of sorafenib. His vitiligo persists. 
Case 2
A 63-year-old man with mixed HCC-cholangiocarcinoma metastatic to the lymph nodes was referred to our clinic for consideration of systemic therapy. He had been diagnosed with HCV genotype 3 20 years prior to presentation and had never received antiviral therapy. Abdominal and pelvic CT scan upon presentation revealed a 3.5-cm enhancing lesion in segment 7 of the liver, radiographically consistent with hepatocellular carcinoma. Serum AFP was elevated at 762 μg/L. He elected to defer treatment for 6 months when a repeat CT scan revealed significant progression of the mass to a size of 6.5 cm. He twice underwent TACE to the segment 7 lesion via a right hepatic artery segmental branch using cisplatin, mitomycin-C, doxorubicin, and ethiodol, with no residual enhancing tumor on follow-up imaging and an AFP decline to 23 μg/L. He again elected to delay his follow-up visit for 10 months, after which time a CT scan revealed enhancing tissue superior and medial to the treatment site, with tumor infiltration into perihepatic adipose tissue and enlarging retroperitoneal lymphadenopathy. Meanwhile, AFP rose to 91 μg/L. Before starting chemotherapy, a repeat CT scan to establish the extent and pace of disease progression instead showed no definitive hypervascularity in the liver lesions, along with a significant decrease in the size of retroperitoneal lymphadenopathy, 2 months after the preceding scan had showed progression. Concurrently, the serum AFP dropped spontaneously from 91 to 27 μg/L. He had not received any interval therapy including no herbal or alternative medications, with his most recent prior TACE having occurred over 1 year earlier. A fine-needle aspiration of a retroperitoneal lymph node showed bile-stained necrotic tissue with adjacent lymphocytes but no viable tumor cells (Fig. 2a) . Given the appearance of spontaneous tumor regression, systemic therapy was deferred. Unfortunately, 2 months later, repeat CT imaging showed a new 2.6-cm hepatic lesion adjacent to the prior TACE site, a new 2.1-cm diaphragmatic lesion, a new adrenal gland metastasis, and increasing size of lymphadenopathy, while AFP rose to 79 μg/L. Biopsy of the adrenal gland metastasis showed mixed histology with focal areas of Hep-Par1 expression (Fig. 2b) , as well as areas of mucinous gland formation consistent with mixed HCC and cholangiocarcinoma histology (Fig. 2c) , prompting initiation of systemic therapy.
Case 3
A 67-year-old male with chronic HCV and cirrhosis presented with generalized weakness, nausea, and a 20-lb weight loss. He also had eye pain diagnosed as bullous keratopathy postcataract surgery. A CT scan showed innumerable enhancing lesions with portal venous washout consistent with multifocal HCC radiographically (Fig. 3a ). An area of expansile soft tissue enhancement involving the right portal vein was consistent with tumor thrombus. AFP was 35,689 μg/L. A core biopsy of a tumor in the left lobe of the liver showed moderately differentiated HCC, along with the presence of an inflammatory infiltrate. The patient was diagnosed with advanced HCC, with recommendation for sorafenib therapy. Due to his eye pain, he elected to defer initiation of sorafenib in order to undergo vitrectomy and lens repositioning for his keratopathy. Approximately 5 months later without any interval treatment except for a cornea surgery, repeat imaging showed significant interval decrease in tumor burden, with some lesions demonstrating new fibrotic changes (Fig. 3b) . Meanwhile, his AFP value had spontaneously declined to 7.8 μg/L. The patient denied any new medications including no alternative therapies, and he reported feeling much better than at presentation, with resolution of prior nausea and weakness and spontaneous weight gain. He is currently being monitored for recurrence by periodic imaging and AFP values, without any anticancer therapy. 
Conclusions
These three cases demonstrate that spontaneous regressions can occur in hepatobiliary cancers and may be the result of immune mechanisms. A literature review in 2009 identified 59 published case reports of spontaneous regression of HCC [11] . The clinical characteristics varied greatly among the cases, including patients with partial and complete remissions, single or multiple lesions, and with or without extrahepatic metastases. Proposed mechanisms for spontaneous regression included ischemic events such as tumor necrosis (31 %), initiation of new medications without known antiproliferative effects (28 %), and alcohol cessation (9 %). In 46 % of cases, no explanation for regression could be identified. Analogous to our first case, in which the patient's HCC spontaneously regressed in the presence of vitiligo suggestive of active autoimmunity, 18 % had recently undergone treatments such as external beam radiation to other sites or experienced illnesses, such as infection, known to invoke an immune response. Spontaneous regression has also been reported in rare cases of cholangiocarcinoma [12, 13] . These cases further highlight the potential for an abscopal effect to occur in hepatobiliary cancers, as has been reported in other cancers susceptible to immune modulation, including melanoma [14] . Characterization of tumoral immune infiltrates, present on biopsy pathology in both cases 2 and 3, could better inform our understanding of the mechanisms of this phenomenon, though the material available in these cases was too scarce for further profiling. Tumor lymphocytic infiltration may underlie the radiographic finding of Bpseudo-progression^in some cases of response to immunotherapy [15] . With the advent of novel immunotherapies in oncology, an understanding of the immunogenicity of hepatobiliary tumors and its potential link to spontaneous regression is essential to identify targets and guide the development of this new class of anticancer drugs in hepatobiliary cancers. In the phase II study of tremelimumab in 21 patients with HCV-associated HCC, Sangro et al. reported that CTLA-4 blockade with tremelimumab achieved antitumor effects, including a 76 % disease control rate and 6.4-month time to progression in patients with HCC refractory to standard therapies. Interestingly, tremelimumab therapy was also associated with antiviral activity, inducing a significant decline in HCV viral load and an increase in lymphocytes specific to HCV viral antigens [10] . In parallel, 45 % of patients experienced transient grade ≥3 transaminitis after the first tremelimumab dose, postulated to be due to the reactivation of suppressed antiviral CD4+ helper and CD8+ T cells within the HCV-infected liver. An ongoing phase I trial of nivolumab will assess the antitumor, antiviral, and immunologic effects of targeting PD-1 in HCC patients with and without viral hepatitis (NCT01658878) ( Table 1 ). The three cases we present of spontaneous regression of hepatobiliary cancers support the existing evidence that this lethal family of cancers may be susceptible to intrinsic immune surveillance, a mechanism that could be harnessed by a new generation of immunotherapies now in development. a b Fig. 3 Spontaneous radiographic tumor regression in case 3. a Innumerable confluent, hyperenhancing lesions (examples marked with white arrows) throughout both lobes of the liver at the time of diagnosis in case 3, with near-complete infiltration left lobe (white ellipse). Portal vein tumor thrombus was present. b Marked interval decrease in tumor burden with a small residual hyperenhancing focus (white arrow)
